Intentional binding refers to a temporal attraction in the perceived times of actions and effects. So far, it has solely been investigated using judgments of the perceived time of actions or their effects. The authors report 3 experiments using an alternative method: the estimation of a time interval between a voluntary action and its subsequent effect. Interval estimates were obtained for intervals bounded by different kinds of actions and effects: The actions were either performed by the participants themselves or by the experimenter. The effects, in turn, were movements either applied to the body of the participant or to the experimenter. First, the results validated interval estimation as a method for exploring action awareness. Second, intentional binding was stronger for self-generated compared with observed actions, indicating that private information about the action contributes to action awareness. In contrast, intentional binding did not depend on whether a somatic effect was applied to the participant's or to another person's body. Third, for self-generated actions, external events gave rise to a stronger intentional binding than did somatic effects. This finding indicates that intentional binding especially links actions with their consequences in the external world.
According to the ideomotor principle (James, 1890) , actions are mentally represented in terms of their distal effects. Studies of action awareness indeed show that goals and effects influence the subjective experience of movements. Estimates of the perceived time of actions have played an important role in studies of action awareness. Libet, Gleason, Wright, and Pearl (1983) asked participants to estimate the onset time of their movements by reporting the position of a clock hand at the moment they initiated a voluntary action. These subjective temporal judgments can than be compared with the time the movement actually occurred (see also Haggard & Libet, 2001; Libet, 2002 Libet, , 2004 . Although the Libet clock paradigm has been successfully used in a large number of studies, it can be criticized on at least three counts. First, it involves cross-modal synchronization between an external event (the sequence of clock hand positions) and an internal stream of subjective events. Cross-modal synchronization is generally difficult. Performance is poor and often biased by prior entry phenomena (Shore, Spry, & Spence 2002) . For example, the participant's division of attention between the clock and his or her own action can heavily bias the timing estimate given. Second, the high attentional demands of monitoring the clock may detract from the normal cognitive processes underlying action control. Third, the processes of action control may be directly influenced by the clock. In particular, the participant may, consciously or unconsciously, make actions in response to particular clock positions, rather than in a truly self-generated manner. This would undermine the value of the method for studying voluntary action. Because of these difficulties, we here developed a new method based on absolute estimation of the time interval between a voluntary action and its subsequent effect.
Previous studies of the role of subsequent effects in action awareness have yielded consistent results despite the difficulties of this method. In general, the perceived time of an intentional action is shifted toward the time of the effect the action causes, whereas the perceived time of the effect is shifted toward the time of the action that caused it (Haggard, Clark, & Kalogeras, 2002) . A further study (Tsakiris & Haggard, 2003 ) demonstrated a similar intentional binding for the somatic consequences of voluntary action. Somatic consequences are special because they are intimately linked to the process of action control itself. Voluntary actions normally cause a physical displacement of the body, communicated to the brain by peripheral sensory feedback. Intentional binding for somatic stimulation of one's own body could therefore be explained by an internal prediction of the following stimulation. For instance, it has been shown that somatic consequences of self-initiated actions are perceived as attenuated compared with externally generated stimulation (Blakemore, Wolpert, & Frith, 1999 , 2000 Claxton, 1975; Weiskrantz, Elliot, & Darlington, 1971) . Functional magnetic resonance imaging demonstrated a bilateral reduction in activity of the secondary somatosensory cortex for the experience of self-produced stimuli compared with externally triggered stimuli (Blakemore, Wolpert, & Frith, 1998) .
Following this line of reasoning, intentional binding of somatic consequences may be special because of the privileged access researchers have to both efferent and afferent information. It will therefore be termed an egocentric view.
In contrast to the egocentric view, intentional binding has also been shown for observed movements of another agent (Wohlschläger, Haggard, Gesierich, & Prinz, 2003) . In this case, actions executed by another person were perceived to occur closer in time to a subsequent tone than were visually identical movements of a rubber hand followed by the same tone. focused on the perception of actions and did not investigate whether the effects of other agents' actions were perceived as bound to the actions that caused them. Nevertheless, the findings on perceived time of action suggested that an implicit inference of agency is sufficient for intentional binding: Each time an observed (or self-executed) movement can be implicitly related to an agent, it is experienced as temporally bound to its effects. In a second step, this experience of enhanced temporal proximity could then give rise to the explicit experience of intentions and the attribution of an intentional stance (Dennett, 1987) . Private information such as proprioception, efference copy, and internal predictions about one's own action is likely to be used if available. However, this line of evidence indicates that it is not crucial for intentional binding.
Neuroscientific evidence supports the concept of shared representations of both actions, and of somatic consequences. Mirror neurons, first discovered in monkey area F5, fire both during the observation and the execution of a goal-directed action. Hence, this mirror system, mainly located in the prefrontal cortex (Fadiga, Fogassi, Pavesi, & Rizzolatti, 1995; Rizzolatti, Fogassi, & Gallese, 2001) , was suggested to be a common basis for the observation and execution of goal-directed movements. A similar interpersonal equivalence has also been shown for somatic stimulation. Keysers et al. (2004) found that secondary somatosensory cortex was activated both when participants were touched and when they watched movies of other people being touched. Blakemore, Bristow, Bird, Frith, and Ward (2005) demonstrated that the human mirror system is activated by the observation of touch to another human more than to an object. Moreover, they reported a case of vision-touch synesthesia. In this patient, the mirror system for touch seems to be generally overactive, that is, above the threshold for conscious tactile experience.
In sum, several lines of evidence indicate that equivalent cognitive and neural mechanisms are involved in the representation of one's own and other's body movements. To the extent that action awareness involves these mechanisms, one would expect intentional binding to equally relate one's own as well as other's actions and their somatic effects. This position will be termed interpersonal view.
The interpersonal and the egocentric view give rise to different predictions regarding the intentional binding of somatic consequences:
The interpersonal view predicts that somatic stimulation on one's own body and similar stimulation of another agent's body do produce equal intentional binding. That is, an action should be temporally attracted by the somatic consequences it causes, independently of whether private information about those consequences is available. The egocentric view predicts that somatic consequences applied to one's own body and the same consequences applied to another agent's body give rise to unequal temporal binding. More specifically, it predicts temporal binding to be especially strong when a somatic stimulation is caused by one's own action and is applied to one's own body. In contrast, the same somatic stimulation caused by another agent should give rise to less intentional binding.
1 In both of these cases, we can identify whether the critical factor for intentional binding is the person who makes the intentional action or the person who experiences the consequences of the action. We therefore aimed to investigate the social dimension of action awareness. Here, we contrasted the egocentric and the interpersonal view of intentional binding for somatic consequences. In three experiments, participants performed an interval-judgment task. They were asked to subjectively judge the time between the onset of an action and a subsequent somatic stimulation. All movements were either performed by the participants themselves or by the experimenter. The effects, in turn, were also either applied to the participant or to the experimenter's body. This factorial combination allowed us to compare the egocentric and interpersonal views, considering separately the importance of being the agent of an action or experiencing the somatic consequences of an action.
Experiment 1
Experiment 1 compared intentional binding for somatic consequences either applied to one's own or to another person's body. In each case, the somatic consequence was a passive movement of the left index finger. It was triggered by a kinematically similar movement of the right index finger. This action was either performed by the participants themselves or by the experimenter. When the participants made the movement themselves (selfagency conditions), they were instructed to move the finger at a time of their choice. In the other-agent conditions, that is, when the experimenter made the movement, participants were instructed that the experimenter would move at a time of his choice. The application of the somatic stimulation was computer controlled and followed the action after a given time interval.
Throughout the whole experiment, participants were asked to judge the duration of the interval between action and the following somatic stimulation in milliseconds. No reference interval was given. Both index fingers (that of the agent and that of the person being moved) were aligned in spatial proximity, such that both could be observed simultaneously. The experimental setup is schematically shown in Figure 1 .
Method
Eighteen paid volunteers (11 women) aged between 18 and 34 years (mean age ϭ 21.8 years) participated. All participants were right-handed with normal or corrected-to-normal vision. They were naive to the purpose of the experiment, and no one reported any abnormalities in proprioceptive experience.
Four different conditions were tested. In two of them (selfagency conditions), the first event of the to-be-judged interval was a movement of the participant's right index finger. Participants were free to move at a time of their choice. Their finger was attached to a lever that could be easily depressed. The lever travel was approximately 10 mm (cf. Figure 1) . In another two conditions (other agency), the first event was a movement of the experimenter. The setup was identical to the self-agency conditions, but this time the finger of the experimenter was attached to the lever. Participants were instructed that the experimenter would press at a time of his choice. In all conditions, the second event of the to-be-judged interval was a computer-controlled movement of a second lever on which either the participant's (self-patient condition) or the experimenter's (other-patient condition) left finger rested. The design was thus a 2 ϫ 2 factorial in which either self or other could act or experience the consequences of the action.
Throughout the whole experiment, participants judged the interval between the action (of the right index finger) and the somatic stimulation (applied to the left index finger) in milliseconds. They were reminded that 1 s would correspond to a judgment of 1,000, 0.5 s would correspond to 500, and so forth. Moreover, participants were told that none of the intervals would be longer than 1 s. That is, only judgments between 1 and 1,000 were counted as a valid answer. Within this range, every judgement was allowed, and participants were instructed not to restrict themselves to even numbers, but they were encouraged to use a full range to express slight variations in their experience. In fact, only three different action-effect intervals really occurred: 200 ms, 250 ms, and 300 ms. These were randomized within each block to ensure that the participants tracked the variations of the to-be-judged quantity.
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Participants were seated at a table with the experimental apparatus placed in front of them. Before each condition, their or the experimenter's finger was attached to the right and to the left lever, respectively. The distance between levers was 70 mm. Thus, participants were easily able to observe them simultaneously. The participant's hands as well as the hands of the experimenter were gloved throughout the whole experiment to equalize the visual input and to avoid confounds due to the color of the participant's skin. Participants were instructed to observe both index fingers equally in all conditions. Therefore, the action and its somatic consequence were visually identical throughout the whole experiment. The experimenter verified that they watched both fingers even in those conditions in which they could have judged the interval solely on the basis of proprioceptive information. At the beginning of each trial, both levers were calibrated automatically such that the distance of the button press and the induced movement were identical. The onset time of the participant's (or the experimenter's) movements was registered by the right lever. After a given interval (200, 250, or 300 ms), a movement of similar speed and amplitude was executed by the left lever (and hence induced to the left index finger).
The different actions (self vs. other) and the somatic stimulation (self vs. other) were varied blockwise. That is, each participant performed two self-agency blocks pressing themselves. In one of these blocks, they induced movements to the experimenter's index finger, whereas in another block, they stimulated their own index finger. In another two blocks (other agency), they observed the experimenter acting. Again, this could induce a movement either to the participant's or to the experimenter's left index finger. Within each of these four blocks, each of the to-be-judged intervals (200, 250, or 300 ms) occurred 14 times in a random order. The order of the blocks was counterbalanced across participants.
Directly after each trial, the participants gave verbal judgments about the interval between movement and effect. Participants were not trained about time interval estimation in any way. This was done because the experiments did not investigate time estimation per se but aimed at differences in time estimation between conditions. Those differences, in turn, are likely to be changed if one of the conditions is trained more than another. Equal training of all conditions was not practicable.
The judgments were recorded by the experimenter, but in one condition (where both hands of the experimenter were attached to the apparatus while the participant merely observed), the participants typed in the judgments themselves.
Results
For each participant, the mean judgement of each condition was calculated. Judgments over and below two standard deviations of each participant's mean were excluded. Moreover, trials in which participants reported not having paid attention were marked during the experiment and excluded. For none of the participants was this more than 2% of the data. A within-participants analysis of variance, including the variables interval (length of the interval), agency (either the participant or the experimenter moved), and outcome (somatic stimulation either applied to the participant or to the experimenter), was conducted.
There was an expected main effect of interval, F(2, 17) ϭ 28.505, p Ͻ .001. This indicated that the participant's judgments varied with the true length of the action-effect interval. Figure 2 shows the mean judgments for each of the three intervals (200, 250, or 300 ms). The effects of agency and outcome are of greater interest. There was a main effect for agency, F(1, 17) ϭ 8.461, p ϭ .010, indicating that participants generally judged the interval as shorter when they acted themselves compared with actions initiated by the experimenter. There was no significant influence of outcome, F(1, 17) ϭ 1.680, ␤ ϭ .385, and no interaction, F(1, 17) ϭ 0.196, ␤ ϭ 2 The intervals were not varied blockwise because in all psychophysical methods, the to-be-judged quantity should vary from one trial to the next. 3 Intersubject variability across participants of these estimates was relatively high, with standard deviations up to 220 ms. Therefore, error bars are not shown. Given this variability, it is even more convincing that the subjective judgments in all three experiments overall clearly tracked the physical variation of the interval. .741. Hence, the perceived length of the interval was not different for somatic consequences applied to the participant's or to the experimenter's body.
Discussion
First, judgments clearly tracked the physical time interval between action and effect. This validates interval estimation as an additional method to relate subjective experience and physical events.
Second, Experiment 1 clearly demonstrated that participants judged the intervals as shorter when they initiated the actions themselves, compared with initiation by a third party. This was irrespective of whether the effect was induced to the participant's or to the experimenter's body. This finding replicates the intentional binding results obtained previously using event timing methods (Haggard et al., 2002) . Intentional binding is stronger for one's own than for merely observed actions. This can be explained by differences in the epistemological access to one's own compared with another's body. Whereas private information such as proprioception is available for one's own movements, it is not available for observed actions of another person. Therefore, this result favors an egocentric view and highlights the contribution of private information to action awareness.
The action-effect intervals for observed actions were constantly judged as longer compared with the participant's own actions. Hence, there seems to be less or no intentional binding for observed actions. This conclusion has to be taken with caution, because the present experiment did not include a neutral baseline condition. Thus, the present data do show that there is more intentional binding for one's own compared with another's actions. However, they do not show whether there is any binding in case of observed actions. To deal with this difficulty, we included in Experiment 2 a neutral, nonintentional baseline condition. In this condition, the first event of the to-be-judged interval was not an intentional action of an agent but a mechanical event, namely the movement of a rubber hand. One could argue that a rubber hand may also be perceived as somatic and in some way intentional (cf. Botvinick & Cohen, 1998) . However, this "rubber hand illusion" requires that the real hand of the participant not be visible and that the rubber hand and the real hand be aligned in spatial proximity. In the present experiment, this was not the case, and no other setup was arranged to support an illusionary somatization of the rubber hand.
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Experiment 1 also indicated that intentional binding did not depend on whether a somatic stimulation was applied to the participant's or to the experimenter's body. In contrast to the egocentric view of agency, this favors an interpersonal view of being a patient. Temporal experience of one's own body being moved did not differ from that of another's body being similarly affected. Action awareness, in this case, seems to be only influenced by private information that is related to the action. Private information related to action consequences, in contrast, does not contribute to action awareness.
Taken together, Experiment 1 raises the question of whether somatic effects are in any way special compared with arbitrary consequences of actions on the external environment. Therefore, Experiment 2 also included a neutral, nonsomatic effect. This effect was, similar to the baseline used for agency comparisons, a movement induced to a rubber hand. Even though this movement was visually identical to the somatic effects, it was clearly not related to any body. Hence, it is unlikely to be perceived as somatic, even from an interpersonal point of view.
Experiment 2
Experiment 2 compared interval judgments of self-and othergenerated actions with a neutral movement. Similarly, somatic consequences applied to an agent's body were compared with neutral but visually identical consequences. As in Experiment 1, participants judged the time intervals between action and effect. The first event of the to-be-judged interval was either a movement initiated by the participant (self-agency), by the experimenter (other agency), or by a rubber hand (rubber agency). The rubber hand was computer controlled and moved at a random time after the calibration of the lever. The latencies of this movement were comparable with those produced by the participants in Experiment 1.
The second event of the to-be-judged interval was either a somatic stimulation induced to the participant's or to the experimenter's finger or a kinematical identical movement that was induced to a rubber hand. Even though the latter was visually identical to the somatic consequences, it was not a somatic consequence itself, because it was not related to the somatic sensory system of agent or experimenter. If somatic effects are different compared with effects applied to physical objects, the rubber hand condition should lead to less intentional binding than somatic stimulation applied to the body of an intentional agent. 4 Using the paradigm of Libet et al. (1983) , Engbert, Wohlschläger, and Prinz (2007) did compare temporal judgments of an "obvious" rubber hand to a rubber hand that was illusionary related to the body of a human agent. They showed that intentional binding (similar to the so-called rubber hand illusion) can be influenced by illusionary agency. However, these results also indicate that a rubber hand as such is not perceived as a somatic stimulus. 
Method
Eighteen paid volunteers (10 women) aged between 19 and 28 years (mean age ϭ 22.7 years) participated. The apparatus and the basic setup were identical to Experiment 1. In the other-agency conditions, participants were again instructed that the experimenter would, like themselves, press at the time of his choice. However, in contrast to this instruction, this time the other-agency conditions were in fact controlled by the computer. This was not noticeable for the participants and was done to exclude possible confounds due to the pressing style of the experimenter. After the experiment, this was explained to the participants, and no one reported having discovered it. The rubber-agency conditions were also controlled by the computer. Thus, both the rubber-agency and the otheragency conditions were physically identical and only differed in the hand attached to the lever.
The different movements (self vs. other vs. rubber hand) and the different consequences (self vs. other vs. rubber hand) were varied in blocks within participants. This resulted in a total of nine blocks per participant. The order of the blocks was balanced among participants according to a Latin square. As in Experiment 1, participants gave verbal judgments of the interval between movement and effect.
In three of the blocks (self-agency), the first event of the to-be-judged interval was a self-initiated movement of the participant's right index finger. It was followed by a left index finger movement of their own hand, the experimenter's hand, or a rubber hand (blocked). In another three blocks (other-agency), the first event of the interval was a movement of the experimenter's right index finger (under computer control but described to the participant as the experimenter moving at a time of his choice). Again, this movement was followed by a left index finger movement of either the participant's own hand, the experimenter's hand, or a rubber hand (blocked). In another three blocks, the first event of the interval was a movement passively induced to a rubber hand (rubber agency). Again, this movement could be followed by a movement applied to the left index finger of the participant, the experimenter, or another rubber hand.
As in Experiment 1, the interval between movement and effect was varied randomly within each block. That is, each of the to-be-judged intervals (200, 250, or 300 ms) occurred 14 times per block.
Results
The preanalysis of the data was identical to Experiment 1. For none of the participants were more than 2% of the data excluded. Again, the mean interval estimate of each participant was taken as a dependent variable. A within-subjects analysis of variance, including the variables interval (length of the interval), agency (participant, experimenter, or rubber hand), and outcome (stimulation either applied to the participant, to the experimenter, or to the rubber hand), was conducted. There was a main effect of interval, F(2, 17) ϭ 46.996, p Ͻ .001, as before (see Figure 2) .
In addition, there was a main effect for agency, F(1, 17) ϭ 12.595, p Ͻ .001. Paired t tests indicated that participants generally judged the interval as shorter when they acted themselves compared with movements initiated by the experimenter, t(17) ϭ 4.070, p ϭ .001, or by the rubber hand, t(17) ϭ 3.598, p ϭ .002.
There was no difference in the judgments of the rubber hand's movements and the experimenter's movements, t(17) ϭ 0.445, p ϭ .662.
There was no significant influence of outcome, F(1, 17) ϭ 1.570, ␤ ϭ .405, and no interaction, F(1, 17) ϭ 0.830, ␤ ϭ .471. The perceived length of the interval did not depend on whether the second movement was applied to the participant, to the experimenter, or to the rubber hand. Figure 3 illustrates the mean judgments for somatic effects applied to the participant, to the experimenter, and to the rubber hand.
Discussion
First, Experiment 2 replicated a main finding of Experiment 1: Comparing one's own and other's actions, participants again perceived the intervals as considerably shorter when they acted themselves. Again, this difference did not depend on the outcome: Irrespective of whether a somatic consequence was induced to the participant's or to another agent's body, the interval was judged alike. This was also true for those consequences that were applied to the rubber hand. This indicates that, in contrast to the movement, private information about the effect does not influence the perceived length of the intervals. Of note, this finding did not depend on the internal predictability of the effect. Intentional binding was no stronger for the conditions in which the participant's actions induced somatic stimulation to their own body than for the other-and rubber-agency conditions. This limits the egocentric view of intentional binding. It demonstrates that internal predictions about the outcome do not change the perceived time of the interval.
The self-versus other difference in Experiment 1 and 2 suggests that inferred agency does not suffice for intentional binding. No differences were found between observation of agents and of mechanical events. These findings contrast the results found by Wohlschläger, Engbert, and Haggard, 2003 . However, their study did only focus on the perceived time of an action and not on the perceived time of the outcome or on the interval between both. Moreover, in these experiments, movements were constantly followed by an effect after 250 ms. In the present experiments, intervals between movement and outcome were varied, and hence the contingency between both was reduced. This indicated that intentional binding may depend on contingency between move- ment and outcome, especially for observed movements lacking private information (cf. also Engbert & Wohlschläger, in press) .
Taken together, Experiment 1 and 2 show that private information related to an action modulates the perceived time of the interval between the movement and its outcome. In contrast, private information related to the somatic consequence of an action does not influence the perceived time of the interval: Irrespective of whether one's own body, the experimenter's body, or a rubber hand was stimulated, there was no difference in the perceived time of the interval. This finding supports an egocentric view about action but an interpersonal view about somatic effects. By extension, it indicates that information about one's own action is not purely proprioceptive. Proprioceptive information is available both about actions and about their somatic consequences. However, its availability influenced time estimation in the former but not in the latter case. We suggest an additional, efferent source of information, which is available for one's own actions only, moreover contributes to the subjective experience of such actions.
One's own and observed movements differ regarding the availability of private information. However, there is an additional difference that may account for the results of Experiments 1 and 2: Whereas the participant's own actions were predictable because they were voluntarily generated, the timing of the observed actions was unpredictable or much less predictable. The difference between self-agency and other agency may therefore not be due to private information but due to predictability. Intervals with predictable onsets may be judged as shorter than intervals with an unpredictable first event. In order to test this alternative, in Experiment 3 we replicated Experiment 2 but introduced a warning cue in all conditions except the predictable self-agency conditions, to ensure that onsets of all intervals were equally predictable. This warning cue consisted of three successive tones, two short ones and one longer one. Because the temporal distance between the last tone and the first movement of the to-be-judged interval was kept constant, the participants were able to predict the onset of the interval by the tones.
Experiment 3
Experiment 3 replicated the design of Experiment 2. In addition, the predictability of the interval onset was controlled. Selfgenerated actions are predictable because they are initiated by the judging agent himself. To ensure an equal predictability also for observed actions, we introduced a "ready, steady, go" warning signal before those events. Any difference in the interval judgments that is related to private information should not be influenced by the warning cue. However, a self-versus other difference solely based on a better predictability of one's own actions should be eliminated or at least considerably reduced.
Method
Eighteen paid volunteers (14 women) aged between 21 and 29 years participated (mean age ϭ 24.9 years). The apparatus and the setup were identical to Experiment 2. A warning cue was introduced in the other-agency and rubber-agency conditions. This cue consisted of two short (100-ms) and one long (300-ms) tone, separated by 300 ms. The onset of the to-be-judged interval was directly after the last tone. By means of this countdown, the onset of the observed movements was perfectly predictable for the participants. Participants were encouraged to use the countdown to expect the start of the interval and to focus their attention on the index fingers.
Results
The preanalysis of the data was identical to the previous experiments. For none of the participants were more than 2% of the data excluded. Again, the mean judgement of each participant was taken as a dependent variable. A within-subjects analysis of varancie, including the variables interval (length of the interval), agency (participant, experimenter, or rubber hand), and outcome (movement either applied to the participant, to the experimenter, or to a rubber hand) was conducted. There was a main effect of interval, F(2, 17) ϭ 28.833, p Ͻ .001, as before (see Figure 2) .
In addition, there was a main effect for agency, F(1, 17) ϭ 11.248, p Ͻ .001. Paired t tests indicated that participants generally judged the interval as shorter when they initiated the actions themselves compared with actions initiated by the experimenter, t(17) ϭ 3.403, p ϭ .003, or by the rubber hand, t(17) ϭ 3.909, p ϭ .001. There was no difference in the judgments regarding the rubber hand's compared with the experimenter's movements, t(17) ϭ 611, p ϭ .549.
There was no significant influence of outcome, F(1, 17) ϭ 0.977, ␤ ϭ .533, but a significant Agent ϫ Outcome interaction, F(1, 17) ϭ 3.196, p ϭ .018. It indicated the difference between self and other to be most marked when the outcome of an action was not truly somatic but an external event (movement of the rubber hand). In this case, the self-trials were significantly different compared with somatic stimulation applied to the participant's own body, t(17) ϭ 7.147, p Ͻ .001, or to the body of the experimenter, t(17) ϭ 6.711, p Ͻ .001. In contrast, the self-versus other difference did not depend on whether a somatic outcome was applied to the participant's or to the experimenter's body, t(17) ϭ 0.746, p ϭ .466. Figure 4 illustrates the mean judgments for movements applied to the participant, to the experimenter, and to the rubber hand.
Discussion
Experiment 3 replicated a main result of the previous experiments: Participants again judged the intervals following their own actions as shorter than the intervals following an observed action (either of an agent or of a rubber hand). This was true, irrespective of the warning cue introduced in Experiment 3. Thus, shorter judgments for one's own actions cannot solely be explained by differences in their predictability. Instead, the result of Experiment 3 supports an egocentric view of intentional binding: Private information such as proprioception facilitates an association of an action and its consequences in subjective experience.
In addition, Experiment 3 indicated that intentional binding of an action is also sensitive to the characteristics of the consequences it causes. The difference between self versus other (i.e., the intentional binding of one's own movements) was largest when the outcome was a movement that was applied to a rubber hand. When participants caused a somatic event on one's own or another's body, intentional binding was reduced. This finding suggests that intentional binding involves a subjective link between intentional movements and their consequences in the external world. Somatic events, in contrast, are usually a necessary consequence of individuals' movements and are not explicitly intended. A somatic experience may contain no more information than the action commands that generated it and may not provide any information about one's causal efficiency in the outside world.
General Discussion
In three experiments, the perceived duration of action-outcome intervals was developed as a new method to study the subjective experience of different movements. These were either actions executed by the participants themselves, actions of another agent, or movements induced to a rubber hand. After 200, 250, or 300 ms, different consequences were elicited by these actions: a movement of a rubber hand, a movement of an observed agent, or a similar movement applied to the participant. This method provides a more direct and ecological measure of the awareness of intentional action than the use of a superimposed clock (Libet et al., 1983) . Moreover, it overcomes some of the attentional difficulties involved in this method, because interval judgments allow one to focus attention on the to-be-judged events.
Two main findings were obtained: First, throughout all experiments, participants judged the intervals between their own actions and their consequences as shorter than those intervals started by observed action. This was true for neutral consequences (movements of a rubber hand) as well as for somatic events (movements applied to the participants or to another agent's body). This confirms results of experiments using the perceived time of events as an indirect measure of the action-effect interval (Haggard et al., 2002) . It indicates that internal information about one's own action facilitates a compression of subjective time between self-initiated movements and their consequences. Our study provides convergent evidence in favor of an intentional binding effect. Second, when observed and self-executed actions were equally predictable (Experiment 3), intentional binding was influenced by the characteristics of the action's effect. Somatic stimulation applied to the body of the participant gave rise to the least amount of intentional binding. Because somatic stimulation usually occurs as a by-product of one's actions, these consequences do not provide any information about the causal efficiency of one's own actions. Hence, they do not contribute to the subjective experience of these actions. In contrast, we observed stronger intentional binding for actions that affected the external environment (rubber hand condition). We suggest that intentional binding establishes a link between intentional actions and environmental effects and thereby facilitates the conscious experience of agency on the external world.
Our results also have implications for social cognition. Several studies have suggested an interpersonal or suprapersonal representation of actions (Fadiga et al., 1995; Gallese & Goldman, 1998; Buccino et al., 2001 ) and of somatic events (Keysers et al., 2004; Thomas, Press, & Haggard, 2006) . In a previous study (Wohlschläger, Engbert, & Haggard, 2003) , we suggested that inferring the intentions of others from observation of their actions was sufficient to produce an awareness of others' actions similar to awareness of one's own. However, that study focussed only on the perceived time of action and did not investigate the binding to outcomes of action. The present results suggest that inferring the intentions behind another's observed actions does not suffice for binding. To the extent that intentional binding is a measure of agency attribution, our results suggest that the true subjective experience of agency is private and cannot be socially shared. The experiments reported here also varied the consequences of an action across individuals. Here, we found no difference in any experiment between temporal experience of actions that affect one's own body or actions that affect another's body. This suggests that the consequences of an action may be shared interpersonally, producing an equivalent subjective experience regardless of whether they occur on one's own body or on another's. Taken together, these results help to distinguish between signals that are purely private and information that can be effectively shared. Our results suggest that efferent commands and action representations are truly internal psychological information, whereas sensory information is not. The human mind can simulate the experience of others' sensations but cannot truly simulate another's experience of agency. Neurophysiological studies relevant to social cognition have shown that both motor (Buccino et al., 2001 ) and sensory (Keysers et al., 2004) simulations exist in the human brain. Our results suggest that the latter but not the former contribute to conscious experience.
Taken together, the present results support a weak egocentric view of intentional binding and action awareness: Private information facilitates the perceived temporal proximity between one's own actions and their consequences, producing a subjective compression of the interval that is not found for other agents or inanimate objects. On the action side, the critical factor for structuring temporal aspects of experience is one's own agency: An inference of agency based on observation of another's actions is not sufficient. On the other hand, privacy of information about the consequences of an action is not necessary. Experiment 3 showed greater intentional binding for self-agency conditions than for other-agency or rubber-agency conditions regardless of whether the consequences of an action were private and somatic, occurred on the body of another person, or were purely external events. Indeed, privacy or self-relatedness of the consequences did reduce intentional binding, rather than increase it.
To summarize, we have used time interval estimation in three experiments to investigate a compression of subjective time between actions and their consequences. The intentional binding effect had previously been studied only indirectly using judgements of the action and consequence events themselves. We showed that the interval between one's own voluntary action and an external consequence is judged shorter than equivalent intervals that do not begin with voluntary actions and shorter than intervals between one's own voluntary action and events applied to one's own body or to the body of another. Thus, our results replicate the intentional binding effect while avoiding some of the methodological difficulties with the event-timing paradigm developed by Libet et al. (1983) . We also show that intentional binding is particularly selective for operant conditions, in which one's voluntary actions have distal effects in the outside world. Operant learning is a fundamental mechanism of cognition (Dickinson, 1980) . We suggest that intentional binding may be one conscious counterpart of this basic operant mechanism.
